Interaction of alpha-lactalbumin with dimyristoyl phosphatidylcholine vesicles. I. A microcalorimetric and fluorescence study.
alpha-Lactalbumin and dimyristoyl phosphatidylcholine were used as a prototype to study the influence of a protein conformational change, induced by the pH, on the interaction between that protein and a phospholipid. The enthalpy changes associated with the interaction of alpha-lactalbumin with dimyristoyl phosphatidylcholine vesicles were measured as a function of the molar ratio of phospholipid to protein, pH and temperature. Gel-filtration, electron-microscopic and fluorescence data for the same experimental conditions were also obtained. At pH 4 and 5, the enthalphy changes (delta H) are not only larger than at physiological pH, but also show a maximum at aobut 23 degrees C in the delta H vs. temperature graph. At pH 6 and 7, on the contrary, delta H increases with decreasing temperature without a maximum in the curve. Gel-chromatographic and electron-microscopic data show that at pH 6 and 7, the morphological characteristics of the vesicles are unchanged upon addition of alpha-lactalbumin, while at pH 4 and 5 at 23 degrees C an extra peak appears in the gel-filtration graphs between the pure vesicles and alpha-lactalbumin. The new fraction contains lipid-protein complexes. Electron micrographs show that bar-shaped entities are formed. A red shift at 23 degrees C and a blue shift at 37 degrees C, both to 336 nm, are observed for lambda max of the fluorescence emission spectra at pH 4 when alpha-lactalbumin is brought into contact with the phospholipid. At the same time, a strong increase in the fluorescence intensity is observed. The chromatographic and fluorescence data indicate that a lipid-protein complex with a molar ratio of approx. 80 is formed. At pH 7 and different temperatures, the emission maximum remains at the wavelength of pure alpha-lactalbumin, the change in the fluorescence intensity, however, indicates that interaction with the lipid occurs. The results can be explained on the basis of an electrostatic interaction at pH 6 and 7, and a hydrophobic interaction at pH 4 and 5.